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Abstract
The purpose of this study was to investigate the pre-testing differences in persons with
test anxiety (TA) comparted to person without test anxiety. Specifically, the study focused on
differences in test preparation and study methods between groups. Further understanding of pretest differences regarding the processing and study methods of TA students may lead to the
development of interventions that improve the deficits experienced by those with TA. All
participants were administered the Cognitive Test Anxiety Inventory (CTAI) designed by
Cassady and Johnson (2002). Persons that scored above the mean of 73.1 were classified as
having TA, those who scored below were classified as non-test anxious. Each participant was
administered two study conditions, the control and the experimental conditions. Each condition
consisted of viewing a video clip and a written text followed by a multiple-choice exam which
tested the presented material. Participants in the control group were allotted a study time where
they were able to use any notes and study methods of their choice to prepare for the test. The
experimental condition differed in that during the allotted study time, students were given a
study guide with a list of concepts which they were allowed to use as they liked to prepare for
the test. The participant’s scores were analyzed and results suggest a significant difference
between TA and non-TA groups within the control condition. These data suggest that a study
guide may be a viable intervention to closing the gap between TA and non-TA test performance.
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Introduction
Test taking is a situation most people have experienced. Tests are often considered a way
to measure a person’s intelligence, understanding, ability, and, or aptitude by means of test
performance scores. Test scores may then be used as a quantitative metric to set a specific
standard. Performance scores can have a significant impact on the opportunities, and ultimately,
the success of a person. This is demonstrated in academics where GPA and standardized test
scores are often used as data points to determine acceptance to higher education institutions.
Because of the impact test performance can have on a person’s future opportunities, it is
important that all test takers have an equal testing experience and accommodations are available
to ensure accurate and fair testing.
Test anxiety (TA) is a phenomenon in which a person feels anxious when faced with a
testing situation. Collective findings over the last few decades have generally accepted TA to be
composed of two components: physiological and psychological features. Physiological response,
also referred to as emotionality, describes the physical aspect of TA such as tension.
Psychological response describes the cognitive and emotional experience of TA for example,
feeling worried (Glazeki et al., 1986; Holroyd et al., 1978; Sarason, 1984). Both components
have been explored as to how they may individually, and collectively relate to the performance
deficits associated with TA. Research suggest physiological response have little impact on test
performance (Holroyd et al., 1978). Comparatively, research conducted on the psychological
components of TA seem to be highly correlated to test performance outcomes (Cassady &
Johnson, 2002; Hodapp & Benson, 1997). Research further exploring TA suggests that the
phenomenon is larger and more comprehensive than once thought. Studies suggest that student
with TA not only differ in levels of performance, but also in levels of self-beliefs, confidence,
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and effective test preparation (Cassady, 2004; Hodapp & Benson, 1997; Minser & Maki, 2007;
Putwain & Aveyard, 2016).
Current interventions to TA have focused on reducing psychological responses, such as
worry, as a way to improve test performance in affected students (Eysenck et al., 2007;
Marvridis & Tsiatsos, 2016; Putwain & Aveyard, 2016; Temple & Neumann, 2016). There are
few research studies exploring interventions that affectively address the pre-test difference of
TA. This research worked to contribute to the literature on pre-test processing difference of
student with TA. Research was designed to best answer the question; Do students who
experience test anxiety have a lower level of affective test preparation skills due to the
experience of test anxiety, which thereby leads to deficits in test performance? If students with
TA are less able to efficiently and effectively study for test because of cognitive interference of
test anxiety, then the use of a term-based study guide may direct disordered study efforts and test
performance will be improved.
This research is highly important as it will aid in the exploration of an intervention for a
population of test takers who currently experience the consequences of diminished test
performance. Accommodations and interventions are in place for other hindrances to test
performance and therefore should also be established for TA. Some opportunities are contingent
on test performance and it is imperative that test scores accurately reflect an individual’s ability
and are not biased by factors irrelevant to the test material. In addition to contributing to the
literature on the pre-test processes of students with TA, this research allows for further
development of applicable interventions for TA. This study incorporated research rigor through
the application of the scientific method, removal of possible biases, and the use of methods
aimed to provide valid and reliable outcomes.
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Literature Review
An Overview of Test Anxiety
Test Anxiety (TA) is a phenomenon marked by specific maladaptive physical and
psychological features which are aroused in situation of evaluation. TA has been researched to
further understand the phenomena, its components, its impact on performance, and possible
interventions. Research has yielded results that split test anxiety into two distinct occurrences,
state test anxiety and trait test anxiety. State test anxiety is defined as anxiety that occurs during
an evaluation situation. State test anxiety can vary between testing environments and, if present,
has been found to effect test performance. Trait test anxiety, comparatively, occurs during all
evaluation situations and also effects performance (Hong, 1998). Trait test anxiety includes the
experience of state test anxiety, as well as anxiety outside the test itself. Generally, those who are
most effected by test anxiety are categorized as trait test anxious as they exhibit several aspects
of the phenomenon including, anxiety before, during, and after evaluation.
Test anxiety is a phenomenon that includes worry and emotionality, two components that
produce the behavioral effects of TA. Emotionality, simply, is the feelings of arousal brought on
by anxiety. Emotionality includes feelings of tension, as well as bodily reactions such as
increased heart rate and perspiration. Worry in TA is marked by thoughts of worry and testirrelevant thinking that hinders cognitive processes under evaluation situations (Sarason, 1984).
More recent research has further distinguished TA as a phenomena which also includes aspects
effecting cognition, comprehension, and self-perception (Malivildi et al, 2014; Holroyd et al,
2007; Ng & Lee, 2015; Meijer & Oostdam, 2007; Putwain & Aveyard, 2007; Miesner & Maki,
2007; Cassady, 2004).
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Test Anxiety and Performance
Test anxiety research has generally agreed that TA is negatively correlated with test
performance (Beilock et al, 2004; Cassady, 2004; Cassady & Johnson, 2004; Holroyd et al.,
1978; Sarason, 1984). Explanations as to how test TA effects test performance have been
explored in various ways. Mediating factors such as test instruction, test format, and testing
pressures have been researched to understand their effects on levels of TA. Attention-directing
test instruction, as well as multiple choice format, both seem to improve the negative effects of
TA. Performance pressure when tested did not seem to mediate the effects of TA on performance
(Sarason, 1984; Miesner & Maki, 2007; Cassady, 2004). Though there may be mediating
variables that effect levels of TA, it is generally understood that emotionality and worry have the
greatest effect on performance in those who experience test anxiety (Sarason 1984; Holroyd et
al, 1978).
Sarason (1984) describes emotionality as the reported feeling of tension, as well as bodily
reactions such as increased heart rate and skin conductance. Simply, emotionality is the physical
feelings of arousal that are present in TA. Research has examined how emotionality may impact
those who experience TA. Holroyd et al. (1978) found that there were increased physiological
responses while test taking in participants with TA though, no relationship was found between
physiological measures and test performance scores. Sararson (1984) supports Holroyd et al.
(1978), also finding an increase in physiological response though, no correlation to test
performance was found. Glazeski et al. (1986) examined the relationship between physiological
response and thoughts of worry and findings suggest that physiological levels were unrelated to
the levels of reported worry and test irrelevant thinking. Research has consistently demonstrated
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that emotionality best describes the feeling of test TA and is an active component of the
phenomena but has little direct effect on test performance.
Worry in Test Anxiety
While emotionality has consistently been found to be component of TA, research has
found emotionality to have little effect on test performance. Worry has been found to be highly
correlated to test performance scores in test anxious persons (Cassady, 2004; Hughes &
Conneely, 2010; Ng & Lee, 2015; and Sarason, 1984). Early research suggests intrusive, and
usually negative, thoughts produced by worry distract from the task of test taking, leading to
performance deficits (Sarason, 1984). Research suggests these deficits occur due to the focus of
thoughtful attention on worry, depleting working memory capacity (Meijer & Oostdam, 2007).
Depleted working memory leads to a lack of full attention capacity to the task at hand (Beilock et
al., 2004). This theory is supported by findings that suggest that an increase in working memory
load leads to a decrease in test performance (Howard et al, 2014). Not only does research suggest
that thoughts of worry can hinder working memory, Malvidi et al. (2014) suggests that those
without TA have a larger working memory capacity when compared to those with TA. Lower
memory recall has also been found to negatively correlate to high levels of TA (Ng & Lee,
2015).
Eysenck, Derakshan, Santos, and Calvo (2007) suggest two theories in which worry can
cause decreased test performance through disruption to working memory. The Attentional
Control Theory proposes thoughts of worry “impair attentional control”, leading to “preferential
processing of threat related stimuli” (Eysenck et al., p. 348, 2007). The second theory, the
Processing Efficacy Theory, proposes that performance hindrance related to worry in TA are due
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to decreased efficiency caused by a decrease working memory function. This implies that those
who experience test anxiety must exert more energy to complete a task. Both of these theories
have been tested through TA intervention research though, it has yet to be agreed upon as to how
worry is affecting TA and working memory and more research gain a fuller understanding.
Test Anxiety Interventions
Interventions have been proposed based on findings that suggest worry in test anxiety
negatively influences test performance. Some research has tested interventions that may lower
the overall TA levels of participants, therefore increasing performance scores. Sarason (1984)
tested an intervention where encouraging, task directed statements were administered before the
test was given. It was hypothesized this instruction method would reduce overall TA and worry;
therefore, reducing performance deficits of participants with TA. Results suggested an increase
in performance, but not overall TA levels. These findings support the Attentional Control Theory
discussed previously which suggests performance in TA may be affected by the focus of
attention on thoughts of worry (Eysenck et al., 2007). Other research has also looked at lowering
overall test anxiety through an intervention that changes testing format. In one study, participants
were given a test formatted as a computer simulated avatar game that allows manipulation of
person in a virtual world. Results suggest lower levels of reported TA and increased performance
in all participants when tested through the game-based format (Marvridis & Tsiatsos, 2016).
While both of these findings are significant interventions to lower overall test anxiety, they may
not be viable to apply in all classroom settings, and do not consider trait anxious students but
rather the mean TA levels of the participant pool.
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Putwain and Aveyard (2016) suggest lowering worry in TA may improve performance.
One possible intervention to worry proposed by Conneely and Hughes (2010) was to increase
social support. Their findings suggested that test anxiety, specifically thoughts of worry and
stress, are buffered by social support. In another study it was hypothesized that directing thinking
to thoughts of worry would alleviating these thoughts from the working memory and therefore
increasing working memory capacity (Temple and Neumann, 2016). The same study also
explored working memory and worry by giving directions to forget thoughts of worry before the
exam (failure activation), hypothesizing this may improve test performance in TA students.
Results of this study suggested that those who were given the failure activation generally did not
show any increase in performance nor, any decrease in reported levels of worry. Additionally,
the group that was not told to forget their thoughts of worry did better than the group that was
told to forget their thoughts of worry. One significant finding reported in this study was that at
extremely high levels of test anxiety, failure activation was found to slightly increase the
performance of test anxious students; however, non-test anxious students performed worse upon
failure activation (Temple and Neumann, 2016).
Mavilidi et al (2014) experimented with an intervention that allowed students to look
ahead at the test for one minute before test time began. Researchers hypothesized that looking
ahead would reduce worry and improve performance. Findings reported higher scores from the
group who was allowed to look ahead when compared to the control. This study, however, did
not test the same participants twice but rather two groups, which may have caused differing data
due to comprehension and skill level effects, rather than effects of the intervention. Interventions
specifically geared to moderate worry in TA seem to vary in method and results. While social
support, failure activation, and looking ahead may improve test performance for those with TA,
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their reliability and applicability to all classrooms falter. Further research on interventions should
be conducted controlling for as many mediating factors as possible as well as, assessing the
applicability of the intervention within classroom settings which include test anxious and nontest anxious students.
Test Anxiety: A Comprehensive Phenomenon
Through exploration of TA and possible interventions, results have suggested that test
anxiety is a more complex phenomenon than once thought and worry may not be the only highly
related factor mediating test performance. Sarason (1984) reported that test anxiety produced
worry, and within this worry, self-doubt. Research by Hodapp and Benson (1996) furthered
Sarason’s findings and concluded that lower levels of reported self-confidence is also a
component in TA. Results found that test anxious students were less confident of their abilities,
not only at the test, but before and after the test as well. Expanding this understanding, Misner
and Maki (2007) reported that TA students predicted a lower performance than non-test anxious
students, interestingly, TA students were more accurate in their performance prediction than nontest anxious students. Additionally, Putwain and Aveyard (2016) found a negative relationship
between feelings of control and TA. Even more interesting are results from Cassady (2004)
which suggest that test anxious students report less effective study skills and habits, and also
have a lower ability to self-assess how prepared they are for examination. The above findings
may indicate that TA not only effects performance through various means at the time of the test,
but TA can also affect students before the test.
Research that has explored the relationship between test preparation of TA students and
their test scores found that TA seems to affect both preparation ability and performance
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(Thomas, Cassady, & Heller, 2017; Wittmaier, 1972). Due to the complexity of narrowing down
specific components of test anxiety while taking the test, it may be prudent to explore a more
controllable aspect of the phenomena, such as pre-testing processes. Exploring the use of a
question-based study guide, Szafran (1981) compared scores of TA students in a sociology class
and found that a study guide significantly improved performance. Through a qualitative design,
Powell (2004) assessed serval interventions to TA which included interventions before and
during test taking. Powell reports an increase in performance of test anxious students in the use
of behavioral interventions at the exam, such as relaxation, as well as psychoeducational tools
such as practice questions, study guides, and study schedules.
Both interventions suggested improvement in performance of test anxious students but
are flawed in some ways. The work by Szafran (1981) is low in validity due to the use of a
specific course as the participant group. By using a single course, bias due to teaching methods
and possible content exposure may affect data. The study also uses a question-based study guide
which may not be viable in higher education as some professors my wish students to facilitate
their own studying or critical thinking skills. Powell’s study gives some insight to test anxiety
through specific cases which has value though, these findings study lack generalizable results
which is important when considering the viability of interventions. Furthermore, Powell’s results
do not allow for a direct cause and effect relationship to be understood. After considering the
strengths and weakness of previous research, the current work aims to further explore preprocessing aspects of test anxiety and to explore a concept based study guide as an intervention.
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Conclusion
The research reviewed has defined test anxiety, addressed components of the
phenomenon, examined which components lead to performance deficits, and has tested TA
interventions. The majority of the past literature has addressed test anxiety in terms of
emotionality and worry; worry having the greatest negative effect on test performance. Research
on worry in TA generally suggests deficits to performance as an effect of worry consuming
working memory capacity. While there is much support for the impact TA has on working
memory, other research has uncovered additional factors that may mediate the effects of test
anxiety. Research findings suggest that test anxiety may affect students beyond the test itself and
may even affect a student’s self-beliefs, confidence, and test preparation. It is possible that
because persons with TA are reportedly less adequate in test preparation, TA interferes with a
student’s ability to focus studying efforts, leading to decreased performance. Perhaps the
presentation of what is to be covered on the test, such as a study guide, will allow test anxious
students to focus study efforts and better prepare for examination, leading higher test
performance scores. Due to the pressures of exam performance and the effect test scores have on
many aspects of life, it is important to identify the different effects of TA and develop
interventions to help those who suffer from test anxiety.
The current study works to broaden the understanding of TA as a phenomenon,
specifically trait test anxiety, by extending research to the exploration of test anxiety before the
test occurs. The purpose of this research is to further understand pre-test aspects of trait test
anxiety as well as to test the use of a study guide as a possible intervention to decreased
performance related to test anxiety. The research questions for this study are as follows: Do Test
Anxious students show differences in test preparation due to TA interfering with their ability to
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accurately assess what to study for and focus on to best prepare for evaluation?; If TA does
interfere with the ability to assess and focus study efforts, will the use of a study guide help focus
study efforts of test anxious students decreasing the negative effects to test performance caused
by TA?. It is hypothesized that the use of a study guide will improve test performance deficits in
students with TA.
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Methods
Participants
This research study consisted of eight undergraduate students of the University of
Northern Colorado. All participants were eighteen years of age or older with a mean age of 19.
Five participants were grouped as having test anxiety, three were grouped as non-test anxious.
Participants were recruited through SONA. All participants identified as female. The sample had
an equal representation of race (four Hispanic, four Caucasian).
Data Collection and Procedures
Seven of the eight participants completed both the experimental and control conditions of
the study which were defined as Learning Conditions (LC). Before running the study,
participants read and signed a consent form which described the nature of the study including
any possible risk, stress, or harm. Participants completed a demographic survey, the Cognitive
Test Anxiety Inventory, the controlled LC, the experimental LC, and surveys regarding
confidence of test preparation. All items (except for confidence surveys) were randomly ordered
and assigned to participants to adjust for possible bias. Participant data was coded by a number
letter system indicating the LC and order of administration.
The study was conducted in a UNC computer lab classroom to mimic a traditional
classroom environment. Participants all used the same computer and work space, including
identical seating and lighting. Participants were asked to come to the study a total of two times,
one week apart. Study times were matched so participation was completed on the same day at the
same time exactly one week apart. Participants completed one learning conditions (experimental
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or control) three study phases (the learning phase, the study phase and the exam phase) during
each of their visits.
The learning phase began with a scripted statement which was read to participants and
explained the goal of the present task. All participants were given a yellow Bic highlighter, four
sharp number 2 pencils with erasers, and ten sheets of college rule notebook paper and were
instructed to use the materials as they saw fit. In each LC participants watched a video and were
allotted 25 minutes to read a related text. The experimenter read a scripted statement instructing
participants to view the video as if it were for a class. Videos were played in full screen on a 14”
HP desktop monitor. The Experimenter controlled video operation and played each video for its
for its entire duration without allowing participants to pause the video. Video audio was
controlled, and computer volume was set and maintained at a level of 30 for all videos. All text
was presented in 12-point Times font, double spaced. Following the learning phase, participants
were allowed a five-minute break proceeded by the study phase.
In the study phase, participants were given 20 minutes to prepare for the exam over the
presented material however they saw fit. The experimental study phased differed as students
were provided with a concept-based study guide to incorporate into their studying. The final
stage of the learning condition consisted of a multiple-choice test over the topic material.
Participants were given 15 minutes to complete the test and were stopped at time regardless of
completion. Each condition consisted of videos which are similar duration and texts of
approximately similar word count and difficulty.
After the completion of both study conditions on their second return, participants were
debriefed. The overall goal of the experiment was explained and opportunity for feedback was
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provided. Those who showed an interest on the final product of the study left their email
information. Participants were compensated for their time with a ten-dollar gift card to a retail
location of their choice (Starbucks, Qudoba, or Jimmy Johns). Additionally, candy was made
available for participants to take as they wanted.
Materials
The Cognitive Test Anxiety Scale (CTAS). Developed by Cassady and Johnson (2002), this
inventory was administered to assess participant levels of test anxiety. The CTAS is a 27question inventory which uses a Likert Scale (1=Not typical of me; 2= Only somewhat typical of
me; 3= Quite typical of me; 4= Very typical of me) to evaluate TA levels. This measure has been
found to be both reliable and valid in the past as a measure of TA in undergraduate students
(Cassady and Johnson, 2002).
Learning Condition Materials. Learning condition one (LC1) consisted of the 4:49 minute
TED ED video, Cannibalism in the Animal Kingdom, by Bill Schutt (link in appendix) and the
text In Many Species, A Family Dinner Means Something Else (appendix). Learning condition
two (LC2) consisted of the 4:46 minute TED ED video Why do we Harvest Horseshoe Crab
Blood? By Elizabeth Cox (appendix) and a text composed of passages about horseshoe crabs
(appendix).
Study Guides. Each LC created had a study guide which listed four key concepts of the material.
The study guide was printed out and given during the experimental condition.
Demographics Survey. A demographics survey that asked participants age, sex, race,
educational level, and current declared major was administered.
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Confidence and Study Surveys. Surveys regarding participant confidence levels were given
before and after each LC exam (See Appendix). Surveys asked five questions and asked
participants to use a Likert Scale to rate their levels of confidence and how prepared they felt.
Additionally, a final free-response survey was given at the end of the second LC asked
participants to report their feelings regarding the usefulness of a study guide as well as their
typical studying methods (See Appendix).
Learning Condition Exams. Each learning condition consisted of a ten-question exam
regarding the presented material. The test consisted of five multiple choice questions and five
fill-in-the-blank questions. This format allows for testing of both recognition and recall memory.
Data Analysis and Handling
Data collected for the research was analyzed using SPSS software. All hardcopy data was
coded by a number-letter system and were stored in a secure filing system to ensure protection
and confidentiality. Additionally, all digital data is saved via a number-letter coding system and
has no connections to personal participant data. The hard copies of the data files with participant
information will be destroyed upon publication of research.
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Results
Using SPSS software data was entered and analyzed. Data was collected completely from
seven participants. A mean spilt was used to determine test anxious and non-test anxious groups.
CTAS scores ranged from 49-91. The average of these scores was 77, and this was used as the
number to determine group assignment. Three participants fell under the mean and were grouped
as non-test anxious. The rest of the participant (four) were considered test anxious. When
analyzed together, test scores from both groups, in both conditions had a mean score of 70%.
This is standard in the bell curve and scores show a standard distribution suggesting exam
questions were appropriate. Additionally, no significant correlation between demographic
information (sex, age, race, major) and CTAI, nor LC exam scores was observed.
T-TEST COMPARING TA AND NON-TA TEST SCORES (FIGURE 1)

df

Sig. (2-tailed)

Mean Difference

Study Guide Test

5

.398

-.05833

Non-Study Guide Test

5

.038

-.18333

While there is no significant difference found between the combined test scores for the
experimental and the controlled conditions ( = .05,  = .29) differences can be observed when
the TA and non-test anxious groups are compared to one another. When comparing the scores of
those with TA and those without in the control (no study guide) condition, those with TA report
scores significantly lower than the non-test anxious group ( = .05,  = .038). Furthermore,
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when comparing group performance scores on the experimental (study guide) condition, the
groups do not vary significantly ( = .05,  = .39). No significance was found between study
conditions for either of the groups (non-test anxious  = .05,  = .266; test anxious  = .05,  =
.826).
CONFIDENCE LEVELS WITHOUT STUDY GUIDE (FIGURE 2)

Cofidence Levels without Study Guide
25
20
15
10
5
0
1

2
TA pre no study

3

4

TA Pre Study

Looking at the test anxious group alone, results yield several findings. For confidence
levels, the TA group reported significantly higher scores (both before and after the exam) during
the experimental condition ( = .05,  = .043). Additionally, there was a significant difference
between experimental conditions in confidence levels of the test anxious group ( = .05,  =
.043). The test anxious group reported significantly more confidence in the study guide
condition. Overall, confidence levels reported before and after for the control test were
significantly different (( = .05,  = .06), while confidence before and after the experimental
condition did not significantly differ ( = .05,  = .454).
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Discussion
Data Interpretations
The data collected and analyzed for this research suggests several things. The main
hypothesis of the research was that a study guide would improve the performance deficits seen in
test anxiety. This hypothesis was not supported as scores between the conditions within the test
anxious group did not significantly differ. However, s significant difference was found when
comparing the TA group and the non-test anxious group score within the control, no study guide,
condition. Additionally, there was no significant difference between the TA and non-test anxious
group within the experimental condition. These results suggest a test performance difference
between groups, which has been noted in current literature. Furthermore, the lack of a significant
difference within the experimental condition may suggest that the use of the study guide affected
test performance of the TA group and brought scores within the range of those reported by nontest anxious participants.
Results comparing levels of confidence also suggest an effect of the study guide.
Supporting the current literature this study found that students with TA significantly differ in
their levels of confidence in the control condition when compared to those without TA. When
confidence ratings between the experimental and controlled conditions were compared within the
TA group, confidence levels were found to be significantly higher in the experimental condition.
These results may suggest that the study guide affected the levels of confidence in the test
anxious group and the inclusion of a study guide increased confidence in this group.
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Research Rigor and Future Directions
Overall, while no significance was found between conditions within the TA group,
significance between the TA groups scores and non-test anxious groups scores disappeared with
the incorporation of a study guide. Additionally, confidence level results suggest the study guide
had an effect on the perceived confidence of test anxious students. Due to the small sample size
of the research, differences may be present between conditions within the test anxious group if
more data was collected. This research could be improved by collecting more data samples.
Additionally, the research could be further improved, and bias could be further reduced with the
incorporation of more learning conditions for each participant to complete.
If this research were to be done again, several things could be implanted to improve the
overall design and experiment outcome. The incorporation of a real classroom environment may
improve the experiment. In the current design, students were not under the same pressures
experienced during a course exam. If participant data was collected form a current university
course, test scores would be more representative of actual classroom outcomes. Additionally,
participants enrolled in a current course may have a more realistic amount of course material and
time to learn the material on examination. However, the experimental nature of the study adjusts
for bias in previous material exposure which may affect study methods and performance scores.
For future directions, research could expand upon the relationship between confidence,
test anxiety, and performance. Findings suggest that the study guide improved confidence levels
and decreased the difference between performance scores of TA and none TA groups. Future
research designed to explore the study guide relationship may contribute to a further understand
of test anxiety and how it affects the student in all stages of the learning process.

27
References
"Cannibalism in the Animal Kingdom." Ted ED., https://ed.ted.com/lessons/cannibalism-in-theanimal-kingdom-bill-schutt.

Beilock, Sian L., Catherine A. Kulp, Lauren E. Holt, and Thomas H. Carr. 2004. "More on the
Fragility of Performance." Journal of Experimental Psychology: General 133 (4): 584600. doi:10.1037/0096-3445.133.4.584. http://www.ncbi.nlm.nih.gov/pubmed/15584808.
Why do we Harvest Horseshoe Crab Blood? Youtube Video. Directed by Anton Bogaty. Ted
ED, .
Cassady, Jerrell C. 2004. "The Impact of Cognitive Test Anxiety on Text Comprehension and
Recall in the Absence of External Evaluative Pressure." Applied Cognitive Psychology 18
(3): 311-325.
doi:10.1002/acp.968. http://onlinelibrary.wiley.com/doi/10.1002/acp.968/abstract.
Cassady, Jerrell C. and Ronald E. Johnson. 2002. "Cognitive Test Anxiety and Academic
Performance." Contemporary Educational Psychology 27 (2): 270-295.
doi:10.1006/ceps.2001.1094. https://www.sciencedirect.com/science/article/pii/S0361476X0
191094X.

ERDG. "The Horseshoe Crab&nbsp;" The Horseshoe Crab., http://www.horseshoecrab.org.
Eysenck, Michael W., Nazanin Derakshan, Rita Santos, and Manuel G. Calvo. 2007. "Anxiety
and Cognitive Performance." Emotion 7 (2): 336-353. doi:10.1037/15283542.7.2.336. http://www.ncbi.nlm.nih.gov/pubmed/17516812.

28
Glazeski, Robert, James Hollandsworth, and Gary Jones. 1986. An Investigation of the Role of
Physiological Arousal in Test Anxiety.
Hodapp, Volker and Jeri Benson. 1997. "The Multidimensionality of Test Anxiety: A Test of
Different Models." Anxiety, Stress & Coping 10 (3): 219-244.
doi:10.1080/10615809708249302. http://www.tandfonline.com/doi/abs/10.1080/106158097
08249302.

Holroyd, Kenneth A., Teresa Westbrook, Michael Wolf, and Ellen Badhorn. 1978.
"Performance, Cognition, and Physiological Responding in Test Anxiety." Journal of
Abnormal Psychology 87 (4): 442-451. doi:10.1037/0021843X.87.4.442. http://www.ncbi.nlm.nih.gov/pubmed/681616.
Hong, Eunsook. 1998. Differential Stability of Individual Differences in Stateand Trait
Testanxiety. Vol. 10.
Hughes Brain and Conneely Sinéad. 2010. "Test Anxiety and Sensitivity to Social Support
among College Students: Effects on Salivary Cortisol." Cognitie, Creier, Comportament /
Cognition, Brain, Behavior 14 (4): 295. https://search.proquest.com/docview/820543730.
Mavilidi, Myrto-Foteini, Vincent Hoogerheide, and Fred Paas. 2014. "A Quick and Easy
Strategy to Reduce Test Anxiety and Enhance Test Performance." Applied Cognitive
Psychology 28 (5): 720-726.
doi:10.1002/acp.3058. http://www.narcis.nl/publication/RecordID/oai:dspace.library.uu.nl:18
74%2F324175.

29
Meijer, Joost and Ron Oostdam. 2007. "Test Anxiety and Intelligence Testing: A Closer
Examination of the Stage-Fright Hypothesis and the Influence of Stressful
Instruction." Anxiety, Stress & Coping 20 (1): 77-91.
doi:10.1080/10615800600967862. http://www.tandfonline.com/doi/abs/10.1080/106158006
00967862.

Miesner, Michael T. and Ruth H. Maki. 2007. "The Role of Test Anxiety in Absolute and
Relative Metacomprehension Accuracy." European Journal of Cognitive Psychology 19
(4-5): 650-670.
doi:10.1080/09541440701326196. http://www.tandfonline.com/doi/abs/10.1080/095414407
01326196.

Ng, EeLynn and Kerry Lee. 2015. "Effects of Trait Test Anxiety and State Anxiety on Children's
Working Memory Task Performance." Learning and Individual Differences 40: 141-148.
doi:10.1016/j.lindif.2015.04.007.
Powell, Douglas H. 2004. "Behavioral Treatment of Debilitating Test Anxiety among Medical
Students." Journal of Clinical Psychology 60 (8): 853-865.
doi:10.1002/jclp.20043. https://onlinelibrary.wiley.com/doi/abs/10.1002/jclp.20043.
Putwain, David W. and Ben Aveyard. 2016. "Is Perceived Control a Critical Factor in
Understanding the Negative Relationship between Cognitive Test Anxiety and
Examination Performance?" School Psychology Quarterly.
doi:10.1037/spq0000183. https://search.proquest.com/docview/1837337248.

30
Sarason, Irwin G. 1984. "Stress, Anxiety, and Cognitive Interference: Reactions to
Tests." Journal of Personality and Social Psychology 46 (4): 929-938. doi:10.1037/00223514.46.4.929. http://www.ncbi.nlm.nih.gov/pubmed/6737201.
Shutt, Bill. "In Many Species, a Family Dinner Means Something Else." The New York Times.,
last modified Jan 30th, https://www.nytimes.com/2017/01/30/science/cannibalism-animalbiology.html.

Szafran, Robert F. 1981. "Question-Pool Study Guides: Effects on Test Anxiety and Learning
Retention." Teaching Sociology 9 (1): 31-43.
doi:10.2307/1317010. https://www.jstor.org/stable/1317010.
Tempel, Tobias and Roland Neumann. 2016. "Taming Test Anxiety: The Activation of FailureRelated Concepts Enhances Cognitive Test Performance of Test-Anxious Students." The
Journal of Experimental Education 84 (4): 702-722.
doi:10.1080/00220973.2015.1094649. http://www.tandfonline.com/doi/abs/10.1080/002209
73.2015.1094649.

Thomas, Christopher, Jerell Cassady, and Monica Heller. 2017. "Learning and Individual
Differences." Learning and Individual Differences.
Wittmaier, Bruce C. 1972. "Test Anxiety and Study Habits." The Journal of Educational
Research 65 (8): 352-354.
doi:10.1080/00220671.1972.10884344. https://www.jstor.org/stable/27536304.

31
Appendix
Narrative: UNC IRB Application
A. Purpose
1. The purpose of this study is to further understand the phenomenon of test anxiety. Test
anxiety research yields findings which suggest test anxiety is a hindrance to
performance. Some research has explored the impact of test anxiety at the test, though,
little research has looked at test anxiety effects before test taking occurs. Recent
research has suggested that test anxious students differ from other students before tests
and were found to be less aware of how prepared they were for examination as well as,
exhibited decreased performance scores compared to non-test anxious participants.
Based on these findings the following research questions were developed:
R1: Does test anxiety effect a student’s ability to focus study efforts in order
to adequately prepare for evaluation?
R2: Will a concept based study guide improve test anxious students’
performance by focusing study efforts?
The current study will aim to further explore pre-test differences in test anxiety,
specifically looking at studying through the application of a concept based study guide.
This research is important because test anxiety effects performance scores which can
greatly impact a person’s future development. A full comprehension of the
phenomenon is needed to best aid those who suffer from test anxiety’s hindrance to
performance. This research will add to a fuller understanding of test anxiety that goes
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beyond the testing situation alone and may yield results for a possible test anxiety
intervention.
2. This research falls under expedited for IRB review. This study does not consist of a
population at risk. This study will only utilize methods that present minimal to no harm
or risk to participants. A risk factor for this study is stress. Test anxiety can causes
feelings of stress though, this study will not manipulate stress factors more than what
is normally experienced on a daily basis.
B. Methods
1. Participants
Participants will consist of maximum of thirty enrolled undergraduates at the
University of Northern Colorado all of whom will be above the age of eighteen. The
study will strive to achieve a sample of fifteen test anxious students and fifteen nontest-anxious students. This group is not considered to be persons of a vulnerable
population. Students will be recruited through campus advertisement and SONA portal
use. Based on the demographics of the first set of participants, the study may later be
advertised to reach out specifically to a needed demographic to ensure a distributive
sample. If more participants are needed, contact will be made in additional departments
via email recruitment
2. Data Collection Procedure
Participants will participate in two sections of testing, the controlled (non-study
guide) learning condition and the experimental (study guide) learning condition. Upon
arrival to the first section of testing, participants will be given a consent form that
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explains the nature of the study, how long the study will last, a confidentiality
agreement, and any possible risks of participating in the study. After participants have
signed the consent form, they will be assigned a letter code which will be used to match
participants to their data (i.e., AA). These letter codes will be followed by a number
which will indicate which section of testing the data was gathered from. Letter codes
will be randomly assigned to an order of the learning condition subjects (LC1 or LC2),
learning condition order (control or experimental), learning condition material (reading
or video), and administration order of learning conditions, the CTAI, and demo graphic
information surveys. For example, AA may be assigned LC1 which may be as follows:
the experimental condition, reading followed by the video. AA may then be assigned
the following example order of administration; the demographics survey followed by
the learning condition LC1.
The Learning Phase will allow approximately twenty-five minutes time for the
reading and video stimulus. Participants will be read a script which will ask them to
watch, read and take notes on the presented video and reading material as they would
normally for a class. The video will remain at a consistent level and will display closed
captions. Participants will be given lose leaf notebook paper, a wooden pencil, a black
pen, and a yellow highlighter to use as they see fit in the learning condition. Following
participation in the learning condition, all participants will be given a five-minute
break, after which they will participate in the study phase.
The Study Phase will allow participants thirty minutes to prepare for the exam.
Participants will have access to the previous materials allotted in the learning phase in
addition to white note cards. Participants will be read a script that will instruct them to
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prepare for the exam as would for an exam in class. During the experimental trails,
study guides consisting of four concepts related to the learning condition will be given
along with the other listed materials. Participants will be read a script which will
instruct them to use the study guide as they would like. After the study phase,
participants will then be given another five minute break before the test and all notes
are collected.
Finally, after completion of the study phase, participant will participate in the
testing phase. This phase will allow students twenty minutes to take the ten question
test. Participants will be instructed to do their best on the test and treat the test as if it
was for a class. When participants are done with the test, they will take a post-test
survey. Performance scores from the tests will be collected and compared between the
control and experimental groups.
Following the participation of both conditions, participants will be debriefed.
Debriefing will include a review of the experiment which will explain the study guide
as an intervention and an opportunity for verbal feedback or questions regarding the
study. Participants will be thanked for their time and effort with a thank-you-bag
containing a variety of candy and their choice of gift card. A resource sheet will also
be provided for participants to take and refer to if needed.
3. Data Analysis
Scores on the Cognitive Test Anxiety Inventory will be used to categorize a
participant as test anxious or not. A mean split will be used to categorize scores. Test
scores, with and without a study guide, will be compared within participants using a t-
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test. Test scores between groups will also be compared using a ANOVA test. If there
is significant differences found within participants of the test anxious group, results
may suggest that a study guide may improve test scores. Based on previous research,
it may be expected that a significant difference of performance scores is found
between test anxious and non-test anxious control groups.
4. Data Handling
Data will be stored in several places for protection. All hard copy, paper data will
be collected and stored in a locked office file cabinet. Paper data will then be
recorded electronically. Data will first be saved to a local, password protected
MacBook. Data will also be backed up to a flash drive, dedicated to this experiment.
Those on the research team will have access to the data. Participants and
corresponding data will be kept confidential as each participants will be assigned a
letter and number which identifies the participant when they return for the second
round of testing. During testing, a file of first name, last initial and corresponding
participant code will be kept to ensure proper data matching. This file will be
destroyed after testing has been completed. After completion of research indicated by
the printing of research, paper data regarding test scores and inventories will be
shredded.
C. Risks, Discomforts, and Benefits
Possible risks and discomforts to participants for this research are minimal. Test
anxiety will be aroused during research which may cause discomfort to the participant
though not beyond typically experienced levels. Due to the nature of this study, stress may
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be experienced by participants as it is a part of the phenomenon that is being studied.
However, stress levels will be moderate, no higher than day-to-day stress levels and will
not be of any risk to the participant.
D. Cost and Compensation
The study will utilize mostly office supplies and printing for material costs. Onehundred dollars will be budgeted for materials for the study. Participants will be
compensated for their time with a ten-dollar gift card and a small bag of candy. Budgeting
for thirty participants, three-hundred dollars for gift cards. The total estimated cost of the
study is four-hundred dollars.
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Cognitive Test Anxiety Scale
(1 = Not at all typical of me, 2 = Only somewhat
typical of me, 3 = Quite typical of me, and 4 = Very typical of me)
(A = Not at all typical of me, B = Only somewhat typical of me, C =
Quite typical of me, and D = Very typical of me.)
High scores indicate higher levels of test anxiety
Low TA (27-54) Average (54-81) High (81-108)
1. I lose sleep over worrying about examinations.
a) Not at all typical of me
b) Only somewhat typical of me
c) Quite typical of me
d) Very typical of me
2. While taking an important examination, I find myself wondering whether the other students
are doing better than I am.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

3. I have less difficulty than the average college student in getting test instructions straight.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

4. I tend to freeze up on things like intelligence tests and final exams.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

5. I am less nervous about tests than the average college student.
a) Not at all typical of me
b) Only somewhat typical of me
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c) Quite typical of me
d) Very typical of me
6. During tests, I find myself thinking of the consequences of failing.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

7. At the beginning of a test, I am so nervous that I often can’t think straight.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

8. The prospect of taking a test in one of my courses would not cause me to worry.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

9. I am more calm in test situations than the average college student.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

10. I have less difficulty than the average college student in learning assigned chapters in
textbooks.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

11. My mind goes blank when I am pressured for an answer on a test.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

12. During tests, the thought frequently occurs to me that I may not be too bright.
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a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

13. I do well in speed tests in which there are time limits.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

14. During a course examination, I get so nervous that I forget facts I really know.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

15. After taking a test, I feel I could have done better than I actually did.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

16. I worry more about doing well on tests than I should.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

17. Before taking a test, I feel confident and relaxed.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

18. While taking a test, I feel confident and relaxed.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

19. During tests, I have the feeling that I am not doing well.
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a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

20. When I take a test that is difficult, I feel defeated before I even start.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

21. Finding unexpected questions on a test causes me to feel challenged rather than panicky.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

22. I am a poor test taker in the sense that my performance on a test does not show how much I
really know about a topic.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

23. I am not good at taking tests.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

24. When I first get my copy of a test, it takes me a while to calm down to the point where I can
begin to think straight.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me
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25. I feel under a lot of pressure to get good grades on tests.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

26. I do not perform well on tests.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

27. When I take a test, my nervousness causes me to make careless errors.
a)
b)
c)
d)

Not at all typical of me
Only somewhat typical of me
Quite typical of me
Very typical of me

42
Pretest Processing Differences Demographic Survey
Participant #_______________

ORDER #_______________

Please Fill out the below information about yourself

Age:___________________

Gender:_______________________

Race: _____________________
1= Hispanic
2=African
3= Asian
4= Caucasian

Years of School:_____________________
High school = 12
1 year of college = 13
2 years of college = 14
Etc…

Major: __________________________________________________
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Pre-test Questions
Please read the statement and circle the response that best represents your feelings
1. I feel I am prepared for the exam
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree
2.

I feel I will do well on the exam

Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

3. I feel confident about my preparation for the exam
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

4. I feel I have studied effectively for the exam
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree
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5. I feel anxious about how I will preform
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree
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Post-Test Questions
Please read the statement and circle the response that best represents your feelings
1. I feel I did well on the exam
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

2. I feel I studied well for the exam
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

3. I feel I did not know the answers to most questions
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

4. I feel I could have done better on the exam with better preparation
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

5. I feel like studying differently would not affect my performance
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree
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Study Guide Survey
Please read the statement and circle the response that best represents your feelings
1. The study guide helped me study
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

2. I feel I did better using the study guide
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

3. The study guide helped me feel more confident about my preparation for the test
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

4. I can study effectively without a study guide
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

5. I would use a concept study guide in the future to prepare for tests
Strongly Disagree
Slightly Disagree
Neither Agree nor Disagree
Slightly Agree
Strongly Agree

Free Response Questions
1.
2.
3.
4.

Did the study guide help reduce any test related anxiety?
Did the study guide better prepare you for the test while studying?
How did you use the study guide, if used at all?
Do you typically use a study guide? If so, is the study guide used as given or do you
create your own?

5. Any additional comments?
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Learning Condition Materials:
Learning Condition Videos
a. LC1 video link: https://ed.ted.com/lessons/cannibalism-in-the-animal-kingdom-bill-schutt
b. LC2 video link: https://ed.ted.com/lessons/why-do-we-harvest-horseshoe-crab-bloodelizabeth-cox
Learning Condition Readings
LC1: In Many Species, a Family Dinner Means Something Else

Humans are sometimes said to occupy a
“pecking order,” but of course the term
actually refers to chickens and other poultry.
Mild pecking is normal behavior in the flock,
employed by dominant birds (or “despots”) as
a way to remind subordinates of their lower
social position.

A Komodo dragon in Indonesia eating the carcass of another
dragon.CreditCyril Ruoso/Minden Pictures, via Getty Images

But the practice can turn gruesome when thousands of birds are packed wing to wing. Then,
some bottom-of-the-order birds are pecked to death — and eaten. As poultry and egg farms
increased in size in the 1920s and 1930s, feather-pecking and cannibalism, known in the trade as
“pick out,” became serious threats.
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In 1939, Joseph Haas, founder of the National Band and Tag Company, devised a fashionable
method to deal with cooped-up cannibals: mini sunglasses equipped with red celluloid lenses on
a hinged aluminum frame. Poultry farmers were informed that having their chickens see the
world through rose-tinted cheaters would “make a sissy of your toughest birds.”
Until relatively recently, the party line among scientists was that cannibalism occurred in only a
few species in the wild, like black widow spiders and praying mantises. Cannibalism, researchers
felt, was an aberrant behavior resulting from a lack of alternative forms of nutrition or the
stresses associated with captive conditions.
But over the decades, evidence has been gathering for an alternative view. Cannibalism, it turns
out, occurs in hundreds of species, perhaps thousands. The behavior varies in frequency between
major animal groups — nonexistent in some, common in others. It varies from species to species
and even within the same species, depending on local environmental conditions.
As important, the behavior serves a variety of functions, depending on the cannibal, and some of
these have nothing to do with stress or captive conditions. There are even instances in which an
individual being cannibalized receives a benefit.
Before his death in a boating accident in 2000, Gary Polis, an ecologist at the University of
California, Davis, came up with a list of cannibalism-related rules for invertebrates. Immature
animals are consumed more often than adults, he found, and many species do not recognize
individuals of their own kind (especially eggs and immature stages) as anything otherthan food.
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He noted that cannibalism was more common in females than in males, and that as alternative
forms of nutrition decrease in availability, incidents of cannibalism will increase. Lastly, in a
given population, cannibalism is often directly related to the degree of overcrowding.
By the 1990s, Dr. Polis’s generalizations had been observed among widely divergent animal
groups, not just invertebrates. The benefits of consuming one’s own kind, it seemed, can
outweigh the costs.
That price, though, can be substantial. Cannibals that consume their own relatives remove those
genes from the population, reducing what scientists call their inclusive fitness. But the most
significant drawback appears to be a greater chance of acquiring harmful, species-specific
parasites or pathogens.
In the most famous example, the Fore people of New Guinea were nearly driven to extinction as
a result of their ritualized consumption of brains and other tissues cut from the bodies of
deceased kin. Many had died of kuru, a neurodegenerative condition similar to mad cow disease,
and their tissues contained the pathogen, spreading it even further.
The Kids Menu
As a new generation of researchers builds
upon the work of scientists like Dr. Polis and
Laurel Fox, an evolutionary biologist at the
University of California, Santa Cruz,
cannibalism in nature has begun to seem
almost normal.
A snowy owl chick swallowing its sibling in
Finland. CreditMarkus Varesvuo/Minden Pictures

50
We now know that a significant amount of cannibalism occurs in mollusks, insects and
arachnids. Additionally, thousands of aquatic invertebrates like clams and corals have tiny eggs
and larvae that are often a major food source for the filter-feeding adults — itself a form of
indiscriminate cannibalism.
In many fish species, adults can be a million times as large as their own eggs. Fish eggs, larvae
and fry are vast in number, minute in size and high in nutritional value.
This makes them a nonthreatening and easily collected food source. It is also why ichthyologists
consider the absence of cannibalism in fishes, rather than its presence, to be the exceptional case.
Although both fertilized and unfertilized eggs are probably eaten by thousands of species, the
practice of consuming eggs from
the same species has led to an

A black lace-weaver spider sacrificing herself to feed her
young. CreditPremaphotos Wildlife/Minden PIctures

interesting take on the “kids meal.” Socalled trophic eggs, produced by some types
of spiders, lady beetles and snails, function
solely as food and often greatly outnumber
the fertilized eggs in a given clutch.
But the black lace-weaver spider
(Amaurobius ferox) takes the concept of prepackaged meals a step further. One day after
spiderlings hatch, new mothers lay a clutch of trophic eggs, which are doled out to their hungry
babies. This keeps them satisfied for the next three days, after which the spiderlings are ready for
their next stage of development.
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After their first molt, black lace-weaver spiderlings are too large for their mother to care for,
though they are in dire need of additional food. In a sacrificial act of parenting, she calls the
babies to her by drumming on the web and presses her body down into the gathering crowd.
The ravenous spiderlings swarm over their mother’s body. Then they eat her alive.
In sand tiger sharks (Carcharias taurus), the babies doing the cannibalizing are not even born yet.
The young of sand tigers, like hammerheads (Sphyrna zygaena) and blue sharks (Prionace
glauca), develop inside the females’ oviducts, a developmental strategy known as histotrophic
viviparity.
Scientists who first looked at late-term sand tiger embryos in 1948 noticed that these specimens
were anatomically well developed, with mouths full of sharp teeth — a point (or several) driven
home when one researcher was bitten on the hand while probing the oviduct of a pregnant
specimen.
Strangely, these late-term embryos also had swollen bellies, which were initially thought to be
yolk sacs, a form of stored food. This was puzzling, since most of the nutrient-rich yolk should
have been used up by this late stage of development.
Further investigation showed that the abdominal bumps were not yolk sacs at all — they were
stomachs full of smaller fetal sharks. These embryos had fallen victim to the ultimate in sibling
rivalry, a form of in utero cannibalism known as adelphophagy (from the ancient Greek for
“brother eating”) — sibling cannibalism.
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Such behavior is possible because sand tiger shark oviducts contain embryos at different
developmental stages (a characteristic that also evolved in birds). Once the largest of the
embryos run through their own yolk supply, they begin consuming eggs.
And when the eggs are gone, the ravenous fetal sharks begin consuming their smaller siblings.
Ultimately, only two pups remain, one in each oviduct.
This is similar to the “lifeboat strategy” seen in birds like vultures and egrets. Here cannibalism
is often the end result of asynchronous hatching: two eggs are laid, but one hatches several days
before the other. The firstborn chick uses its extra bulk to win squabbles over food with its
younger brother or sister.
In instances where the parents are unable to provide enough to eat, the firstborn will kill and
consume the younger sibling. During times of stress, this is an efficient way to produce wellnourished offspring — albeit fewer of them.
Examples of animal cannibalism are as numerous as they are interesting, from spadefoot toad
larvae who eat their own brood-mates to legless amphibians called caecilians whose hatchlings
peel and consume their mothers’ skin. And they occur among mammals, too.
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Polar bears consume other polar bears, and were doing so long before climate change impacted
their hunting practices. And male lions, after
taking over a pride, will eat the cubs that
another male has sired. Both are examples of
heterocannibalism — the eating of
nonrelatives.
In lions, incoming males seek to terminate
the maternal investment in unrelated cubs.
More important, a lioness with cubs

A lion devouring a cub that may have been the offspring of a

will not come into heat for a year and a halfrival.
afterCreditBarcroft
giving birth. Media,
But, asvia
hasGetty
beenImages
observed in other
mammals, like bears, a lioness that loses her cubs becomes sexually receptive almost
immediately.
It Isnt Just for Animals
Are there instances where, as in the animal kingdom, human cannibalism makes sense? And if
so, could this behavior resurface in the future? Cannibalism may be gruesome, and repugnant to
our current sensibilities, but it has been widely practiced for a variety of reasons.
Funerary cannibalism was practiced by groups like the Fore of New Guinea and the Wari’ of
Brazil. These indigenous people were as mortified at the concept of burying their dead as newly
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arrived missionaries and anthropologists were at the thought of consuming their own departed
loved ones.
From kings to commoners, Europeans, too, once
routinely consumed human blood, bones, skin,
guts and body parts. They did it without guilt, a
form of medicinal cannibalism. They did it for
hundreds of years, and then they made believe it
never happened.
Throughout their long history, body parts

The crab spider is one of many animals that practice
cannibalism. CreditMark Moffett/Minden Pictures, via Getty

were such important ingredients in Chinese
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culinary cannibalism that the historian and author Key Ray Chong devoted a 13-page chapter in
his book “Cannibalism in China” to “Methods of Cooking Human Flesh.” Rather than an
emergency ration consumed as a last resort, there are many reports that exotic human-based
dishes were prepared for Chinese royalty and upper-class citizens.
Human cannibalism has also been an instrument of terror. The practice was used to instill horror
and intense fear in dissenters during China’s Cultural Revolution, and Japanese soldiers
cannibalized prisoners of war during World War II (a fate that President George H. W. Bush
barely escaped after his plane was shot down).
While filial piety is a highly regarded Confucian virtue, it was also the basis for an extreme act
of cannibalism-related self-sacrifice. According to Chong, from ancient China through the 19th
century, relatives provided parts of their own bodies (thigh and upper arm were the most
commonly used) for the consumption and medical benefit of their elders.
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Then there are the more familiar stories, the tales of human cannibalism that springs from
hunger. Throughout history and across multiple cultures, when people faced extremely stressful
conditions like sieges, famines and strandings (the snowbound Donner Party), many eventually
consumed their dead — even their own relatives.
In a procedure that had become known to seafarers as “the custom of the sea,” sailors cast adrift
on the open ocean drew straws. The sailor who drew the short straw gave up his life so that rest
might eat. In perhaps the most famous case, in 1765 a storm dismasted the American sloop
Peggy, leaving it adrift in the middle of the Atlantic Ocean with its captain, nine crewmen and a
single slave.
After consuming the ship’s cat, their uniform buttons and a leather bilge pump, and after the
captain had retreated to his cabin clutching a pistol, the crew decided to draw lots. The loser was
to be served up as dinner. By an incredible coincidence, the slave drew the short straw.
Although the man begged for his life, the captain was unable to prevent his murder, later writing
that as the crew prepared to cook the body, one sailor rushed in, tore away the slave’s liver and
ate it raw. This is the horrific origin of the term “lifeboat strategy,” co-opted by ornithologists
over two centuries later to describe the fate of unfortunate nestlings.
As scientists have come to understand, factors like overpopulation and a lack of alternative forms
of nutrition lead to cannibalism among animals, and it is clear that even modern humans have
been driven to the behavior on many occasions. What, then, of the future?
Populations are growing. Resources are dwindling. Deserts are spreading. And the societal rules
that bind us together are proving more fragile than we ever imagined they could be. Maybe it is
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wise to remember that human cannibalism, so unthinkable now, was not uncommon not so long
ago.
LC2: Horseshoe Crab Reading
Embryo Development
An estimated 90,000 eggs, measuring between 3 mm and 3.7 mm, are laid in one season by one
female. The outer chorion of the eggs remain
sticky for about 15 hours and is responsible for
the egg eventually becoming totally covered
with sperm.
A complex sequence of surface events in the
egg begins after fertilization. These include
several granulations of the egg and the eventual production of an expandable, inner egg
membrane, which subsequently ruptures the chorion and serves as a larger enclosure for the
developing embryo.
By the fourth day after fertilization, rudimentary appendages can be seen in the egg. Three
embryonic moltings later (by the 8th day), the legs and book gills are visible. The horseshoe
juveniles "hatch out" by the 14th day and begin the cycle of growth and molting that will
continue until they reach their adult size 10-11 years later.
Overview of Primary Nerves
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How does the horseshoe sense the world around it? Like us, it uses a system of specialized
nerves that extend from the brain throughout the body. In the horseshoe crab, there are several
large nerves, that supply the crab with information.
From the anterior portion of the brain, a pair of optic nerves runs directly to the two lateral eyes.
There are also 8 pairs of haemal nerves that extend into the body of the crab. These contain
motor and sensory fibers and are distributed mainly to the membrane and other tissues. The sixth
pair sends branches to the heart and intestine.
All of the haemal nerves are essentially the same, except the first one, the lateral line nerve. It
runs close to the surface, just outside the bases of the appendages, begins to branch at the base of
the 6th leg. It extends the whole length of the branchial chamber, sending one small branch to the
base of each of the five gills. It is a purely sensory nerve and supplies the skin lining the channel
along which water is carried to the gills.
How Does the Horseshoe Crab Eat?
Horseshoe crabs are the only chelicerates
with a gut designed to handle solid food and
so have a rather impressive digestive
armament.
Limulus polyphemus belongs to a class
called Merostomata, which means "legs
attached to the mouth." Appropriately so,
because the mouth of the horseshoe crab is
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in the center of its body, where the legs attach. It uses its hind legs to help break up food; the
small front appendages, the chelicera, are primarily used to place food into its mouth.
The digestive tract begins with the bristly mouth and continues with a cuticle-lined esophagus.
This turns backwards into the proventriculus, which is composed of a "crop" and a "gizzard."
The crop can expand considerably to accommodate ingested food. The food then passes into the
gizzard, which has the thickest muscular coat of the entire intestinal tract, where food is reduced
to a pulp. Undigestible pieces, such as fish bones or large shell pieces, are regurgitated.
The pulverized food is then passed into the midgut, through the pyloric valve that protrudes from
the end of the gizzard. There, it is digested. The hindgut, or rectum is a short muscular tube that
opens through a slit-like anus at the base of the rectum.
The Circulatory System
The horseshoe crab's heart is a long tube that lies along
the opposite side of the body from the nerve cord and
extends almost the entire length of its body. On average,
the heart rate of the horseshoe crab is 32 beats per minute.
It has eight pairs of slit-like openings, or ostia, each
opening having two valves through which the blood
enters the heart from the pericardial chamber. The blood
is pumped forward and escapes through three pairs of
aortae, one pair of cerebral arteries, and a frontal artery. (See the diagram of the blood flow for
more.)
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Two types of hemocytes exist in the blood of the horseshoe: an abundant number of granulocytes
and a few cyanocytes. The granulocytes are responsible for the rapid clotting of blood, especially
in the presence of bacterial endotoxins. The extreme sensistivity of these cells has generated the
broad clinical use of horseshoe crab blood for endotoxin testing by the pharmaceutical industry
(see Medical Uses for more).
How Does The Horseshoe Crab See?
A quick glance at the horseshoe will show the crab's two compound lateral eyes--unusual
because no other living Chelicerate possesses compound
eyes. These are used primarily for finding mates, but the
horseshoe has many more light-sensing organs.
There are 5 additional eyes on the top of its shell
(two median eyes, one endoparietal eye and
two rudimentary lateral eyes). The median eyes have cells
sensitive to visible light and others to the ultraviolet range.
The rudimentary lateral eyes are photoreceptors that become
functional just before the embryo hatches. A clock in the anterior part of the brain sends out
signals that control the sensitivity of the lateral and median eyes.
The tail also has a series of light sensors along the top and side that keeps its brain synchronized
with cycles of light and dark. Additional signals from the small median eyes enhance the degree
of adaptation to darkness, according to the amount of ultraviolet light those eyes receive from the
sky at night.
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On the underside of the crab, there are two ventral eyes, located near the mouth, which may help
orient the animal when swimming.
Topographic Characteristics
There are three divisions to the body of the horseshoe crab: the prosoma , the opisthosoma, and
the telson. These are sometimes referred to as the cephalothorax, the abdomen, and the tail.
The prosoma contains a sizeable intestinal tract with an
esophagus and proventriculus (used to grind food), a
nervous system concentrated into a bulbous brain, a
tubular heart, excretory glands at the bases of the
walking legs and connective tissue and cartilagenous
plates.
The opithosoma contains chiefly the musculature for
the operation of the book gills and the telson, though
the horseshoe's 113 distinct muscle groups (comprising
over 750 individual muscles) are not limited to this section of the body.
Of the six "pages" of the book gills, the first has an operculum with genital openings and the
other five have small sensory branches and gill leaflets. (See appendages for more).
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Where (and when) do horseshoe crabs evolve?
The evolution of the horseshoe crab extends back far before the dawn of human civilization,
before the dinosaurs, before flowering plants... back to the era in our planet's history when
visible life first appeared.
Our Evolution section traces the development of the horseshoe crab from the Paleozoic Era and
provides an overview of the changes to our planet's geology, climate, flora and fauna from 540
million years ago to the present. Toward the end of the Cenozoic Era, beginning with
the Holocene (11,000 BC to the Present), we look specifically at the evolution and development
of the
The horseshoe crab and public health
If you've ever had a flu shot, know someone with a pace maker or joint replacement, or have
given your pet a rabies vaccination, you owe a debt of gratitude to the horseshoe crab. Vaccines,
injectable drugs, intravenous solutions, and implantable medical devices, both for humans and
animals, are quality checked for safety using a test that comes from the blood of horseshoe crabs.
How does horseshoe crab blood protect the public health?
Humans can become sick if exposed to bacterial endotoxin. It is especially dangerous if
endotoxin enters our blood stream directly, such as from an injectable drug. Given this, drugs
and medical devices that come in contact with our blood stream are tested to help assure they do
not contain harmful levels of endotoxin.
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Like other animals, the horseshoe crab has an immune and blood coagulation system that
protects it against infection. Inside the horseshoe crab’s blood cell (called the amebocyte) are the
protiens of its blood clotting system. These proteins are released in response to the presence of
unwanted organisms like Gram negative bacteria and cause its blood to clot around the injury
and bacteria, protecting the animal from further harm.
Endotoxin Testing: LAL and TAL
Research on horseshoe crabs showed that their blood is very sensitive to endotoxin, which is a
component of Gram-negative bacteria like E. coli. In the 1960s (see timeline), Frederik Bang
and Jack Levin developed a test from Limulus polyphemus blood that detected the presence of
endotoxin. This test, based on the fact that the blood of the horseshoe crab gels or clots when it
comes in contact with endotoxin, was called the Limulus amebocyte lysate (LAL)test and was
commercialized in the United States in the 1970s. In Asia, there is a similar test
called TAL which takes its name from an Asian species of crab, Tachypleus tridentatus.
The LAL and TAL test methods have advanced since the early days, all with the purpose of
helping to make injectable drugs, vaccines, and medical devices safer for humans and
animals. In addition to the use of their blood for an endotoxin test such as the gel clot test, the
horseshoe crab's DNA has been used to develop a recombinant test method for endotoxin. Even
as alternatives are being developed that will retire or reduce the use of horseshoe crab blood, we
will always be indebted to the horseshoe crab's contribution to our health.
In addition, a version of the LAL test has been clear by FDA as a test to aid in the diagnosis of
invasive fungal infections. This test takes advantage of the fact that the horseshoe crabs blood
clotting system responds to (1→3)-β-glucans as well as to endotoxins. (1→3)-β-glucans are a
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cell wall component of a wide range of fungi. A glucan test can indicate the presence (or
absence) of a fungal infection within a couple of hours of drawing a patient’s blood sample so
that appropriate treatment can begin promptly. Conventional methods of diagnosis can take days
of even weeks to give a definitive result.

Conservation Challenges
In the USA, we have a governmental body representing the 15 Atlantic coast states, called the
Atlantic States Marine Fisheries Commission or ASMFC. One of its tasks, is to develop and
implement an Interstate Fisheries Management Plan (FMP) focusing on the sustainability of the
Atlantic horseshoe crab species. A considerable amount of data generated from multiple source
points, aid the ASMFC in establishing annual harvesting quotas for both the bait fisheries and
use in the production of LAL, an endotoxin detection test crucial for the safety of all
parenthetical and medically implanted devices. Please see “Protecting Health”
In Asia, home to three of the world’s four horseshoe crab species, developing a fisheries
management plan to protect horseshoe crabs from over-harvesting is more complex, for not only
is its range extensive, it encompasses a host of countries with very different social, economic and
environmental priorities. Without a centralized governmental body to regulate and enforce
harvesting strategies, it is more difficult to institute meaningful change, consequently the
population of the three Asian horseshoe crab species throughout much of its range is trending
downward. As harvesting pressure for human consumption and the production of TAL grows
(the Asian equivalency to LAL), coupled with rapid loss of habitat, the remaining healthy, often
unregulated populations, are the first to be exploited.
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This section was created to bring awareness to Who is doing What and Where. It is our hope to
facility cross cultural cooperation that inspires and assists individuals, communities and
organizations to solve problems, change behaviors and promote sound decisions in order to
achieve sustainable horseshoe crab populations throughout its spawning range.
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Learning Condition Study Guides
LC1: Cannibalism in Animals Study Guide
Please use this study guide of concepts as you wish to prepare for the test over the presented
cannibalism content
Concepts:
-

Cannibalism practices
Benefits and drawbacks of cannibalism
Research on cannibalism
Understanding of cannibalism

LC2:Horseshoe Crab Study Guide
Please use this study guide of concepts as you wish to prepare for the test over the presented
horseshoe crab content

Concepts:
-

Horseshoe crab blood use and collection
Horseshoe crab life
Horseshoe carb anatomy
LAL Test
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Learning Condition Tests
LC1: Cannibalism in Animals Exam
Score:________________
Multiple Choice:
Please select the best choice for the following questions.

1. Until Recently, cannibalism in animals was considered:
a. A common practice but only in insects.
b. A common practice across the animal kingdom.
c. An uncommon practice.
d. An uncommon practice in developing animals.
2. Cannibalism was thought to originally be caused by:
a. Natural instinct
b. Disease control
c. Environmental stress
d. Natural selection
3. All of the following are benefits of cannibalism EXCEPT:
a. Population control
b. Access to nutrition
c. Parasite acquisition
d. Offspring development
4. Fish parents often:
a. Distinctly recognize their offspring
b. Eat their mates
c. Do not recognize their offspring
d. Do not produce many offspring
5. Some animals, such as tiger sharks, cannibalize:
a. Their parents
b. Their mates
c. Their siblings after birth
d. Their siblings in utero
Fill-in-the-blank:
Please fill in the blanks with the word that best fits the sentence to make it true.

6. _______________________ is cannibalism in utero.
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7. In reproductive-related cannibalism, such as the mating of black spiders, the
____________________ gender is more likely to get eaten.
8. _________________ was the scientist who first created a list of “rules” for cannibalism
invertebrates.
9. Cannibalism has been found to be practiced the least by ______________ species and is
usually implicated as a clean-up method for deceased.
10. Cannibalism can be negative when animals remove genes from their population creating
______________________.

LC2: Horseshoe Crab Exam
Score:________________
Multiple Choice
Please select the best choice for the following questions.
1. We use Amebocytes from horseshoe crab blood to test for:
a. Viruses
b. Bacteria Endotoxins
c. Fungi
d. All of the Above
2. The LAL test reveals contaminates by:
a. Changing color
b. Changing temperature
c. Forming gels
d. Forming a grainy texture
3. One example of a disease that is identified by endotoxins is:
a. E-Coli
b. HIV
c. Grans Disease
d. The Flu
4. The Horseshoe crab is considered a Merostomata which means:
a. Dark Creature
b. Body of Shell
c. Mouth at the center of the body
d. Many Eyes
5. Ositias are :
a. The horseshoe crabs heart
b. Slits through which blood flows through a horseshoe crab
c. The nerves of a horseshoe crab
d. The legs of the horseshoe crab
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Fill-in-the-blank:
Please fill in the blanks with the word that best fits the sentence to make it true.

6. _________________ from horseshoe crab blood is used for medical technology.
7. The horseshoe crab has a __________________ circulatory system that requires higher
immune sensitivity for protection.
8. ______________________are left when bacteria die and can get in the blood stream
and cause illness.
9. Horseshoe crabs return to the ocean _____________ years after hatching, when they
reach maturity.
10. The properties of horseshoe crab blood allow blood to ___________ which helps
prevent the spread of illness.
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Scripts for Participant Instructions
Script for Learning Condition Instructions:
You are now going to participate in a learning condition. Please watch the video and
read the passage as you would if you were preparing for a class. You may use the provided
materials as you like. You will have twenty minutes to complete the reading.
Script for Study Phase:
You will now have time to use what you have collected from the learning condition to
prepare for the test. You may use the following material as you would like. You will have thirty
minutes to prepare for the test as best you can.
Script for Test Phase:
You will now take the test over the presented materials. Please try and do the best you
can on this test and complete to the best of your ability.
Debriefing:
This study worked to looked at the relationship of a study guide and test performance.
Surveys were used to asses test anxiety and related performance scores. Are there any questions I
can answer for you about the study?
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Participant Consent Form

CONSENT FORM FOR HUMAN PARTICIPANTS IN RESEARCH
UNIVERSITY OF NORTHERN COLROADO

Project Title: Pre-Test Processing Differences
Researcher: Michelle Garcia, Undergraduate of the School of Psychology
Phone: 704-301-5144

Email: garc2277@bears.unco.edu

Purpose and Description: The primary purpose of this study is to determine the effectiveness of a
concept based study guide on test performance.
Over two visits to our lab, you will participate in two learning conditions which will include a
video piece of about 5 minutes and a reading piece of about 2000 words. You will then be asked
to process the learning content as you do normally for class. During this time you will be allowed
to use any of the provided material to learn as you typically do for courses. Following the
learning section, you will be offered a five minute break. Next, the study phase will take place.
You will be allowed to use the provided materials to prepare for the test over the content as you
see fit. The study phase will take place for 30 minutes. After the study phase, you will be asked
to turn in your preparation materials and then will be given the test. The test will be a 10 question
test over the given content. You will have 20 minutes to take the test. This study will also include
surveys which will ask you to report self-reflected concepts. Your collected data will be assigned
a number code and will have no connection to your name to ensure confidentiality. This process
will occur twice for both of the research sessions you attend. Upon the conclusion of the study I
would be happy to report any data findings if requested.
I will take every precaution to protect you confidentiality. Data will be recorded on a password
locked MacBook that only I have access to. In order to ensure proper data matching your name
will be used to assign your letter code and upon completion of both sessions, will be destroyed.
All paper data, upon research completion will also be destroyed for confidentiality. During the
study, paper data collected will be kept in a locked file cabinet.
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Potential risk for this study are very minimal. Small levels of stress may occur due to the
evaluation nature of the study. Surveys report self-reflection and may arouse feelings of
discomfort. If at any time during the study, you feel uncomfortable please let researchers know
and you can withdraw from participation. Upon completion of participation, participants will be
thanked with a treat bag and a $10 gift card of their choice. Students will benefit the most from
the findings of this research.
Having read the above and having had an opportunity to ask any questions, please sign below if
you would like to participate in this research. A copy of this form will be given to you to retain
for future reference. If you have any concerns about your selection or treatment as a research
participant, please contact Office of Sponsored Programs, 25 Kepner Hall, University of
Northern Colorado Greeley, CO 80639; 970-351-1910.

_________________________________________
Participant signature

_________________________________________
Researcher Signature

_______________
Date

_______________
Date

